Prolonged exposure of workmen in the alkaline accumulator industry to cadmium oxide dust led in many cases to the appearance of protein in the urine (Friberg, 1950). This observation has been confirmed in a preliminary publication (Smith, Kench, and Lane, 1955) . Proteinuria has also been observed in men exposed to cadmium fume (Bonnell, 1955) . There is reason to believe that this urinary protein is not a normal major serum protein constituent (Friberg, 1950; Kekwick, 1955) . This paper presents further data on the incidence and degree of proteinuria in relation to cadmium exposure and excretion.
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Materials and Methods
The subjects of this study were men exposed to cadmium oxide dust in an alkaline accumulator factory and to cadmium oxide fume in two foundries concerned with the manufacture of copper-cadmium alloy.
The accumulator factory employs some 500 workers of whom 120 had been exposed to cadmium now or in the past. The products of the factory are exclusively alkaline accumulators of various types. The positive and negative electrodes are manufactured separately, the former from a " positive mass " consisting of 80% by weight of nickel hydrate and 20% graphite. The " negative mass " is composed of 60% cadmium and 25% iron, both largely oxidized, with 3% kerosene as a binding agent. The process of manufacture is such that finely divided dust is liberated and is not entirely removed by the ventilation system.
Both foundries make a copper-cadmium alloy containing 0O5 to 1-0% cadmium for the manufacture of wire. A 50% cadmium master alloy is first prepared by addition of cadmium to molten copper, and the final coppercadmium alloy is made by fusion of this master alloy in molten copper. The flux is stirred manually and yellow fumes of cadmium oxide are liberated at this stage. In each factory only a small group of men were engaged in the foundry (six in Foundry I and 20 in Foundry II) but a larger group worked near the furnaces.
Wide-necked pyrex bottles of 400 ml. capacity, previously cleaned and sterilized, were provided to collect urinary specimens from the workmen, a small crystal of thymol being placed in each bottle to minimize bacterial growth during transit to the laboratory. Urinary specimens from selected workmen offered the possibility of more detailed study. Spot specimens obtained midmorning and throughout the shift were transported to the laboratory, with minimal delay, for quantitative evaluation of cadmium and protein. A group of 100 workmen of similar age range without known exposure to cadmium were used as controls.
Each specimen was examined for the presence of protein by the addition of trichloracetic acid, which was found to be the most sensitive of a number of precipitants employed. To 2 ml. urine, that had first been filtered until clear, 2 ml. 25% (w/v) trichloracetic acid was added. A just perceptible opalescence was recorded as a trace (±), definite opacity as positive (+), and a precipitate as strongly positive (+ +).
The urinary cadmium was determined by the dithizone method of Smith et al. (1955) and the total urinary protein by the biuret method of Hiller, McIntosh, and Van Slyke (1927) , using 40 ml. urine instead of 2 ml. as in the original procedure. The creatinine concentration of each specimen was determined by the alkaline picrate (Lloyd's reagent method of Owen, Iggo, Scandrett, and Stewart, 1954) and the specific gravity measured by weighing the urine in a calibrated 50 ml. volumetric flask corrected for temperature.
Each specimen was tested for reducing sugar using Benedict's qualitative reagent.
Results
The specific gravity and creatinine concentration were determined for each urinary specimen analysed (Table 2) . A group of alkaline accumulator workers not directly exposed to cadmium and with no known past exposure had urinary cadmium concentrations of 10 to 36 ,ug./l ( Table 3) . The results for a selected group of the workers in contact with various levels of cadmium in the alkaline accumulator factory are given in The urinary protein was detected using 25% trichloracetic acid. Approximate quantitative equivalents of degrees of proteinuria employed are as follows:-+++ > 5g./l. + + 2-5 g.ll.
+ 0 25-2 g./il. ± 25-250 mg./l.
-< 25 mg./l.
engaged were graded 0-4 on the basis of the aerial cadmium contamination to which they gave rise. An exposure index was computed for each workman by summation of the products of process grading and time of exposure (in years) to give a measure of the atmospheric cadmium in the individual's working life. Tables 5 and 6 show the cadmium excretions of workers at the two foundries investigated. Further determinations were carried out to discover the degree of variation of urinary cadmium and protein over periods of time. The results over six consecutive weeks for men exposed to cadmium oxide dust have been reported previously (Smith, et al., 1955) . A slight net increase in the cadmium excretion of workman A, who was subjected to exceptional exposure and who excreted by far the most urinary cadmium, was found during a period of one year. In other workers with lower urinary cadmium concentrations the rise was less marked but a continuous upward trend was discernible. No major fluctuations were observed over a period of two years.
The day-to-day cadmium and protein excretion of men exposed to cadmium oxide dust and fume are recorded in Tables 7 and 8 respectively. Tables 9  and 10 show the results of spot samples obtained throughout a single shift.
Discussion
The alkaline accumulator workers in this study had been exposed to cadmium oxide dust for periods varying from eight to 30 years, the severity of exposure likewise differing widely throughout the group. There was no clear relationship between their The last two figures only of the speciflc gravity measured to four figures (i.e., 27 = 1-027) are given. *During the period which elapsed between the observations in Table 6 and those in Table 1 , the number of men involved in Foundry II increased from 21 to 22 (one man left the job and two others joined, all protein negative). In addition the proteinuria of the men had become more severe.
urinary cadmium excretion and the grading of exposure. Likewise in the men exposed to the hazard of cadmium oxide fume in the two foundries surveyed there was no correlation between time of exposure and urinary cadmium excretion.
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No significant difference in urinary excretion of cadmium was apparent between the group exposed to dust and that exposed to fume. Both groups of men exhibited a urinary cadmium excretion (10 to group.bmj.com on June 20, 2017 -Published by http://oem.bmj.com/ Downloaded from normal range (0 to 25 ,ug./l.). The alkaline accumulator workers not exposed to cadmium, whose exposure could therefore be regarded as marginal, had urinary cadmium levels (10 to 36 ,ug./l.) significantly above the normal range.
The values of urinary cadmium were obtained from spot specimens and thus subject to indirect variations due to changes of water excretion throughout the day. To obviate such effects, which may give a misleading value for the cadmium excretion over short periods, it is customary to collect 24-hour specimens. Under industrial conditions such collections present considerable practical difficulties in obtaining all the urine without contamination from the workers' clothing. Spot specimens were therefore obtained from the men on arrival in the morning. Since creatinine excretion was a good measure of the glomerular filtration rate, and its clearance was unaffected by at least one heavy metal, uranium (Wills, 1949) , it was hoped that variations in spot specimens could be eliminated by reference to creatinine concentration. In fact, as seen in Fig. 2 (Fig. 1) . It would be possible to choose an arbitrary urinary standard of creatinine concentration, say 100 mg./100 ml. urine, to which all spot specimens could be referred, the cadmium concentration being corrected according to the appropriate individual curve. The values of urinary cadmium quoted have, however, not been corrected in this way.
The incidence of proteinuria was greater in workers exposed to fume (60%) and also in those inhaling dust (20%) than in the control group. The quantity of urinary protein from cadmium workers was relatively low (0 to 4 g./l.). No correlation was discovered between urinary cadmium and protein excretion. Whereas the cadmium excretion in a urinary specimen from an individual worker was related linearly to both the specific gravity and creatinine content, the protein concentration varied independently of these quantities.
The nature of the proteinuria in this intoxication is the subject of continued study and protein from workmen A, L, I: 3, I: 5, and II: 8 is being used for this purpose.
Summary
Information is presented on the urinary cadmium excretion of men exposed to cadmium oxide dust and fume and of men not so exposed.
The incidence of proteinuria in workers exposed to cadmium oxide fume (60%) and to dust (20%) was higher than in controls (5 %).
Urinary cadmium excretion in individual workmen is not subject to major fluctuation over periods varying from a few hours to two years.
For individual workmen urinary concentration of cadmium was related linearly to the specific gravity and creatinine of spot specimens, over a wide range of values.
Urinary cadmium and protein excretion appeared to vary independently.
Our thanks are due to Professor R. E. Lane for his continued interest in these studies, and to Miss I. Dingwall-Fordyce for analysing our results and for helpful discussion. We 
